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ВВЕДЕНИЕ 
 
Современный этап развития нефтяной промышленности характеризуется 
снижением эффективности разработки продуктивных пластов, с одной стороны, 
и увеличением доли трудно-извлекаемых запасов нефти - с другой. В нашей 
стране в течение многих лет происходит снижение проектного коэффициента 
извлечения нефти (КИН). В настоящее время он составляет 28-33 %. Одна из 
причин такою низкого КИН - уменьшение объема работ по применению новых 
методов увеличения нефтеотдачи (МУН): газовых, микробиологических, 
тепловых, химических. При этом для всех месторождений, в том числе с трудно 
извлекаемыми запасами, в качестве основной технологии разработки приме-
няется заводнение. Согласно мировому опыту без применения современных 
МУН и радикального повышения эффективности заводнения преодолеть 
снижение нефтеотдачи невозможно.  
Объектом исследования - месторождение К*. Предметом исследования -
применение технологии увеличения нефтеотдачи (МУН) с использованием 
трехкомпонентной смеси: ПАВ, соды и полимера после заводнения пласта.  
Целью данной работы является увеличение  нефтеотдачи продуктивного 
пласта месторождения «К» путем внедрения современного третичного метода 
увеличения нефтеотдачи (МУН) на основе трехкомпонентной смеси ПАВ, соды 
и полимера (АСП). 
Актуальность заключается в том, что необходимо вводить новые 
технологии, позволяющие значительно увеличить нефтеотдачу продуктивных 
пластов, так как благодаря ряду МУН можно дополнительно добыть 90% 
остаточной нефти после заводнения. 
Задачи данной работы: 
– подобрать композицию АСП (соотношение компонентов: ПАВ, соды 
и полимера); 
– рассчитать время гелеобразования композиции АСП; 
– рассчитать влияние гелевого экрана на работу скважины и сравнить 
приемистости без экрана и с экраном; 
– рассчитать температуру в коллекторе на растоянии 50 метров от 
забоя нагнетательной скважины; 
– рассчитать экономический эффект. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
АННОТАЦИЯ 
 
В первой главе описаны общие понятия о методах увеличения 
нефтеотдачи (МУН): 
 Коэффициент извлечения нефтеотдачи. 
 Методы увеличения нефтеотдачи (физико-химические; тепловые; газовые; 
микробиологические).  
 Современные методы увеличения нефтеотдачи: 
 Применения МУН на месторождениях с коллекторами различного 
литологического состава. 
 Выбор технологий увеличения нефтеотдачи.  
Во второй главе рассмотрен анализ применения МУН на месторождениях 
«Т» области: 
 Общие сведения о месторождении «В», анализ динамики текущей добычи. 
Проведен обзор воздействия на пласт, применявшихся на месторождении «В». 
 Общие сведения о месторождении «К», анализ динамики текущей добычи. 
Проведен обзор воздействия на пласт, применявшихся на месторождении «К». 
Рассчитаны условия применения современного метода увеличения нефтеотдачи 
на основе трехкомпонентной смеси АСП. 
В третьей главе рассмотрен финансовый менеджмент, 
ресурсоэффективность и ресурсосбережение при использования современного 
метода увеличения нефтеотдачи на основе трехкомпонентной смеси АСП: 
 Рассмотрены оборудование и техника для проведения мероприятия по 
использованию технологии АСП.  
 Рассчитаны материальные затраты и амортизационные отчисления. 
Проведен расчет заработной платы сотрудников за выполненные работы по 
внедрению МУН на месторождении «К». Рассмотрены отчисления во 
внебюджетные фонды.  
В четвертой главе рассмотрена социальная ответственность при 
использовании технологии третичного метода увеличения нефтеотдачи на 
основе трехкомпонентной смеси АСП: 
 Профессиональная социальная безопасность (Анализ вредных 
производственных факторов и обоснование мероприятий по их устранению. 
Анализ опасных производственных факторов и обоснование мероприятий по их 
устранению) 
 Экологическая безопасность  
 Безопасность в чрезвычайных ситуациях (Действия рабочих при ГНВП) 
 Особенности законодательного регулирования проектных решений  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
ПРИЛОЖЕНИЕ А 
Introduction  
 
Oil recovery processes are classified in to: Primary, secondary and tertiary or 
enhanced oil recovery EOR processes (Green and Willhite 98). In primary 
recovery driving mechanisms depend on the natural energy present in the 
reservoir. This natural energy is used to displace the oil to producing wells. The 
source for the natural drive are solution gas, gas cap, water drive, fluid and rock 
expansion, gravity drive or combination of two or more of the driving 
mechanism.   
In secondary recovery water and gas are injected increase the natural energy 
of the reservoir by either displacing hydrocarbon to producers or by pressure 
maintenance by voidage replacement of the produced oil. This can be done by 
either injection to gas cap in case of gas injection for pressure maintenance or to 
the oil-column wells for immiscible displacement. The most used secondary 
recovery is water flooding due to its availability and efficiency when compared to 
gas injection.  
Tertiary recovery or EOR is result of injection gas, chemical, hot water or 
steam to recovery oil that was not extracted during the previous recovery 
processes. The injected fluids during EOR operation interacts with reservoir rock 
and oil to create favorable conditions for oil recovery. These interactions can 
result in lowering interfacial tension (IFT), oil swelling, reduction of oil 
viscosity, wettability alteration, mobility modification, or favorable phase 
behavior.    
 
 
 
 1. Enhanced Oil Recovery EOR Processes 
 
Enhanced Oil Recovery, or "EOR," is the use of any process or technology 
that enhances the displacement of oil from the reservoir, other than primary 
recovery methods. For effective recovery by any EOR method an efficient 
displacement need to be accomplished. Displacement efficiency is given by Eq.1:   
E = EDxEV,            (1) 
  
where E is displacement efficiency (frac), ED is microscopic displacement 
efficiency (frac), and EV is macroscopic (volumetric sweep) displacement 
efficiency (frac).  
Microscopic displacement is related to mobilization of oil from the porous 
media on pore scale level. ED measures the effectiveness of displacing fluid to 
mobilize oil contacted by injected fluid and lower residual oil saturation.  
Macroscopic displacement EV measures the effectiveness in displacing fluid 
to sweep the oil toward the production wells. The volumetric sweep efficiency is 
the product of areal and vertical sweep efficiencies (Fig. 1) and given by Eq.2:   
EV = EAxEI,              (2) 
  
where EA is areal displacement efficiency (frac), and EI is vertical displacement 
efficiency (frac).  
   
2. Microscopic Displacement in Porous Media  
  
In immiscible displacement process, such as water flooding, part of the crude 
oil is trapped as isolated drops (Fig. 2), stringers, or pendular rings, depending on 
wettability (Green and Willhite, 1998). When this condition is reached relative 
permeability to oil will reduce to zero and displacing phase flows around to trapped 
oil and losses its displacing effectiveness (Green and Willhite, 1998). The oil doses 
not move in the flowing stream because of capillary forces prevent oil deformation 
and passage through constrictions in the pore passages.  
Factors that affect the microscopic displacement are (Shah and Schechter, 
1977):  
1. Geometry of the pore structure.  
2. Fluid-fluid interaction, such as interfacial tension, density 
difference, bulk viscosity ratio, and phase behavior.  
3. Fluid-rock interaction, such as wettability, ion exchange, and 
adsorption.  
4. Applied pressure gradient and gravity.  
  
The capillary and viscous forces govern the phase trapping that affect the 
microscopic displacement efficiency (Green and Willhite 1998). The ability to 
alter these forces can help improving the microscopic and macroscopic 
displacement efficiency. In the following sections the description of these forces, 
how they operate and methods to alter them will be discussed. This discussion will 
be essential to understand how different recovery mechanisms work and how they 
can be used in enhanced oil recovery (EOR).   
   
  
 Fig. 2—Blocking mechanism for a trapped oil droplet in porous media (from 
McAuliffe, 1973a).  
  
 
3. Capillary forces  
  
3.1 Interfacial tension (IFT)  
 
When two immiscible fluids exist in the porous media interfacial tension 
occurs. Interfacial tension results from the attractive van der Waals forces 
between molecules of the same fluid (cohesion) which will be equal for the 
molecules in the bulk of the fluid. However, at the interface between two 
different fluids the equilibrium forces are disturbed by unequal forces between 
dissimilar fluids. This imbalance pulls the molecules at the interface toward the 
interior of the fluid, resulting in surface area to minimize (Schramm, 2000, 
Green and Willhite 1998, Liu 2007, Zhang 2005). Fig.3 shows the interaction 
between molecules that cause the IFT phenomena.   
  
  
Fig. 3—Interaction between water molecule in bulk and surface of the water 
droplet that cause surface tension.  
  
  
3.2 Wettability (Abdullah et al. 2007)  
 
Wettability is the tendency of one fluid to spread on or adhere to a solid 
surface in the presence of a second fluid (Green and Willhite 1998, Standnes, 
2001, Anderson, 1986). The wettability in porous media effects the distribution 
of fluids in the media, fluid saturation and relative permeability (Anderson, 
1986). Thus practical implications of reservoir wettability will influence 
productivity and oil recovery, during primary, secondary and tertiary processes. 
The wettability effect on the distribution of fluids in the reservoir has two folds: 
microscopically and macroscopically. Microscopically or pore-level view, fluid 
in the wetting phase covers the walls of the pores and non-wetting phase 
remains the center of the pore. Secondly, wetting phase will occupy the small 
pores whereas non-wetting will cover large pores (Abdullah et al. 2007; 
Anderson. 1986 & 1987). Fig.4 shows the distribution of fluids in pore scale 
for three wettability cases: water-wet, mixed-wet, and oil-wet.    
  
  
Fig. 4—Oil and water distribution inside the porous media for water-wet, mixed-
wet, and oil-wet (from Abdullah et al. 2007).  
  
  
On the other hand, wettability macroscopically or in reservoir-level affects 
the capillary pressure in the reservoir which will have an influence on the 
transition zone from high oil saturation in the top to high water saturation in the 
bottom. In waterwet reservoir, transition zone is long and the change in 
saturation from high oil saturation to high water saturation is long and capillary 
pressure is positive. On the other hand, oil-wet reservoir has a short transition 
zone with negative capillary pressure (Abdullah et al., 2007).   
When two immiscible liquids (brine and oil) are in contact with a solid 
surface, interfacial tension deforms the liquids and generates what is known 
contact angle (). The balance between different interfacial tension forces 
causes the characteristic contact angle for the oil-water-solid system as can be 
seen in Fig. 5. 
  
Fig. 5—Force balance at the oil-water-solid contact line defining the contact angle 
 (from Standnes 2001).  
  
  
Contact angle gives an indication of wettability state of solid surface. A 
solid surface can be water-wet, oil-wet, intermediate wet or mixed wet. Fig.6 
shows three wettability state and its relation with contact angle:  
a. Water –wet when contact angle < 90o.  
b. Oil-wet at contact angle > 90o.  
c. Neutral-wet around 90o.   
  
  
Fig. 6—Three surfaces with different wettability. 
 
The wettability type is a function of rock and oil composition, and 
saturation history (Green and Willhite 1998). Intermediate wettability occurs 
when both fluids oil and water tend to wet equally or with one phase is slightly 
more wetting than the other. Mixed wettability results from the variation of 
chemical composition of the rock surfaces (Green and Willhite 1998). The 
type of rock wettability of the rock will have a great impact on the recovery 
resulted from chemical flooding when wettability alteration is the main 
recovery mechanism.   
  
3.3 Capillary pressure  
 
The existence of two fluids in capillary tube or in pore in reservoir rock 
results in pressure difference across the interface. This pressure is called 
capillary pressure and is very important in forming the saturation distribution 
in the transition zone between the free water level and the oil saturated zone. 
Capillary pressure can be calculated using the following equation:  
  
 ,        (4) 
  
where Pc: is capillary pressure (psi), and r is capillary radius (cm). As can be 
seen from the above equation the capillary pressure is a function of oil-water 
IFT, wettability presented by , and pore throat and pore body radius. Capillary 
pressure can be positive in water-wet system and negative in oil-wet rocks.   
  
3.4 Viscous forces  
  
Viscous forces in the porous media are reflected in the pressure drop created 
by the fluid flow in the media. Darcy’s law is an expression of this force. 
Viscous forces in porous media are dominated by the flow velocity and fluid 
viscosity.   
  
3.5 Gravitational forces   
  
Due to the multi-phase flow in hydrocarbon reservoir the difference in 
density of the fluids gravitational forces will play an important role in fluid 
segregation and fluid flow in the porous media. Gravitational forces will be 
pronounced when viscous and capillary forces are negligible or the difference 
in fluids density is large.    
  
4. Flow Regime Characterization  
  
Multi-phase flow in porous media is affected by capillary, viscous, and 
gravitational force and the interplay between them (Green and Willhite 1998). The 
flow regime caused by the interaction between these forces is represented by 
capillary and bond number.   
• Capillary Number  
Capillary number is a dimensionless number expressing the ratio of viscous to 
capillary forces   
  
 ,             (5) 
  
where Nc: is capillary number (dimensionless),  is interstitial velocity, and  
viscosity of displacing fluid (cp).   
  
• Bond Number  
Bond number notated Nb, is a dimensionless number expressing the ratio 
of gravitational to capillary forces:  
  
,      (6) 
  
where  is the density, or the density difference between fluids, a the 
acceleration associated with the body force, almost always gravity, L the 
'characteristic length scale', e.g. radius of a drop or the radius of a capillary 
tube, and  is the surface tension of the interface.  
 
 
5. Gas methods  
  
Gas injection is one of the oldest EOR methods in petroleum industry. An 
extensive experimental work in the area helped develop a reasonable 
understanding of the method. Oil production from CO2 injection continued to 
increase USA in spite of fluctuation in oil price during the years. Most of the 
produced oil from EOR methods is by gas injection (Liu 2007). Gases used for gas 
injection are nitrogen, flue gas, hydrocarbon and CO2.  
Gas injection to the reservoir can enhance recovery either by using miscible 
and immiscible processes. In low pressure immiscible process will dominate, 
however, miscible displacement dominates in high pressures. Other than pressure, 
oil composition affects the mode of displacement to be miscible or immiscible 
(Taber 1997, Green and Willhite 1998). Miscible displacement can be classified as 
first-contact miscible (FCM) or multiple-contact miscible (MCM) (Green and 
Willhite 1998).     
Recovery mechanisms related to immiscible processes are oil swilling, 
viscosity reduction, interfacial tension reduction near to the miscible region, blow-
down or solution gas recovery and enhance gravity drainage in dipping reservoirs 
(Mangalsingh 1996; Taber 1997b). This mostly happen during nitrogen, flue gas 
or CO2 injection before reaching the miscibility pressure.   
On the other hand, recovery related to miscible flooding, which is achieved by 
displacing the oil with injected fluid that is miscible with the oil by forming a single 
phase when mixed at all proportions with oil (Green and Willhite 1998). The two 
miscible displacement classes that were mentioned earlier are first-contact 
miscibility (FCM) and multiple-contact miscibility (MCM). In FCM process, the 
injected fluids are directly miscible with oil at reservoir pressure and temperature. 
A small slug of liquefied petroleum gas (LPG) will be injected to displace the oil. 
This will be followed with a larger volume of less expensive (i.e. dry gas) for 
displacement.   
In case of MCM, the injected fluid is not miscible at first contact with oil. In 
this process modification of injected fluids and oil in the reservoir is achieved by 
multiple contacts between the different fluids in the reservoir and mass transfer of 
some components between the fluids. Under proper pressure, temperature and 
modified composition miscibility between displacing fluid and oil is generated in-
situ. The MCM processes are classified as vaporizing-gas (lean gas) displacement, 
condensing and condensing/vaporizing-gas (enriched-gas) displacements, and 
CO2 displacements.    
In the vaporizing-gas process, lean gases, which contain methane and 
lowmolecular weight hydrocarbons, is injected to the reservoir. The composition 
of the injected fluid will change (enriched) due to vaporization of the intermediate 
components from the oil caused by the multiple contacts between the injected gas 
and the reservoir oil. The modified injected fluid will become miscible with the oil 
in some point in the reservoir and miscible displacement will start from that point 
on.   
In the condensing-gas (enriched-gas) process, the injected fluid contains larger 
amounts of intermediate-molecular-weight     
Gas methods, particularly carbon dioxide (CO2), recover the oil mainly by 
injecting gas into the reservoir. Gas methods sometimes are called solvent methods 
or miscible process. Currently, gas methods account for most EOR production and 
are very successful especially for the reservoirs with low permeability, high 
pressure and lighter oil (Lake, 1989; Green and Willhite 1998). However, gas 
methods are unattractive if the reservoir has low pressure or if it is difficult to find 
gas supply. (Liu 2007)  
 
6. Three main processes are used  
 
6.1 Steam-Drive  
 
Stream-drive or steam-flooding process involves injection of steam into 
injection wells to displace viscous crude oil toward producing wells. As steam 
losses energy when it is following in the reservoir hot water condensation will 
occur. This process consists of hot water flooding in the region where condensation 
occurred and followed by the steam injection. Fig. 7 depicts steam flooding 
process and formation of four different regions by this type of thermal recovery:  
1) water and oil at reservoir temperature toward the production well   
2) followed by oil bank,   
3) condensed hot water  
4) injected steam close to the injection well.  
The main recovery mechanisms are viscosity reduction of crude oil, oil swilling, 
steam stripping and steam-vapor drive (Green and Willhite 1998).  
   
Fig. 7—Steam flooding process (Adapted from Green and Willhite, 1998; courtesy 
of DOE).  
  
6.2 In-situ Combustion  
In-situ combustion or fire flooding involves generation of thermal energy in the 
reservoir by combustion. This is initiated by electrical heater, gas burner or 
spontaneous ignition.  
Spontaneous ignition occurs if the reservoir temperature is high (above 131 °F) or 
if there is sufficient heat released by the oxidation of the oil and it usually takes 
few days for the spontaneous ignition to start (Doghaish, 2008). To sustain this 
operation air should be continuously injected. Two techniques are used for the fire-
front to propagate in the reservoir: forward combustion where reservoir is ignited 
in the injection well and air is injected to advance the front away from injection 
well toward the production well. The second technique is the reverse combustion 
where the reservoir is ignited in the production well and air injection is initiated in 
adjacent wells. Recovery mechanisms by the in-situ combustion:  
1. Lowering oil viscosity from heating  
2. Vaporization of fluids   
3. Thermal cracking  
4. Pressure supplied by the injected air  
  
6.3 Cyclic Steam Stimulation  
Also called the huff and puff method, which is a single well process where 
steam is injected to the reservoir and then shut down for sufficient time, usually 
for week or two, to allow the steam to heat the area around the well. After that the 
well is open for production until production is diminished then the operation is 
repeated. Fig. 8 illustrates the cyclic steam stimulation process. Recovery 
Mechanisms by cyclic steam stimulation:  
1. viscosity reduction   
2. Steam flushing  
3. oil swilling  
4. steam stripping   
  
  
  
Fig. 8—Cyclic Steam Stimulation (Adapted from Green and Willhite 1998; courtesy 
of DOE).  
7. Chemical methods  
  
Chemical processes involve injection of specific solutions that effectively 
displace oil because of their phase-behavior properties, which results in low IFT 
values between the displacing and displaced fluids (Green and Willhite 1998). 
When solution in the main chemical slug get in contact with residual oil drops, 
they will deform under pressure gradient due to low IFT values and are displaced 
through the pore throats. The coalescence of the oil drops results in oil bank 
formation and propagation a head of the displacing fluid (Green and Willhite 
1998). Chemical EOR is used to achieve one or more of the following microscopic 
displacement mechanisms: interfacial tension (IFT) reduction, wettability 
alteration, and mobility control (Zhang. 2005; Green and Willhite. 1998; Taber et 
al. 1997).  
The capillary number discussed earlier is related to residual oil saturation 
through the desaturation curve (Fig.9). A critical capillary number should be 
reached before oil recovery started and break in desaturation curve is noticed. The 
critical capillary number and shape of the desaturation curve is a function of 
following rock properties (Schramm 2000, page 206):  
• aspect ratios, ratio of body to pore throat diameter.  
• Pore size distribution.  
• Wettability.   
  
  
Fig. 9—Capillary desaturation curves for sandstone cores (Delshad 1986; Lake 1989).  
  
  
8. Chemicals Used in EOR  
  
Chemicals used in chemical EOR application will be discussed in the following 
sections.   
  
9.1 Alkali  
  
Alkalis are water-soluble substances that release hydroxide ions (OH-) when 
dissolve in water. Alkalis can be categorized by being inorganic or organic or can 
be divided to strong or weak. Alkalis are used in chemical flooding to accomplish 
the following: interact with carboxylic acid in the crude to generate in-situ 
surfactant, wettability alteration and reduce surfactant losses.    
  
9.2 Role of Alkali in Chemical Flooding In-situ Generation of 
Petroleum Soap  
 
One of the recovery mechanisms by alkali flooding is the in-situ generation of 
the surface-active soap. Most crude oil contains carboxylic acids as part of its 
constituents. The variation of the amount of this acid in crude oil results in different 
acid numbers for different cruds. Different crude oils with different acid numbers 
will cause a wide variety in behavior upon contact with alkali during alkaline or 
ASP flooding. Acid in crude oil have low solubility in aqueous phase at neutral pH 
so it will not be extracted during water flooding. deZabala et al. (1982) suggested 
a chemical model for the alkalioil saponification. Fig. 10 demonstrates the 
chemical model by deZabala. At high pH flooding the acidic components in the oil 
will react with alkali solution and will generate water soluble anion salt. In their 
model, they represented the mixture of active acid species with a single component 
HA.    
  
 Fig. 10—Chemical model for reaction between oil and alkali solution in recovery 
process. (deZabala et al. 1982).  
  
This acid in the oil will have some aqueous solubility and will distribute itself 
between the oleic and aqueous phases represented by Eq.7:  
  
HAo  Haw,              (7) 
where HAo is the oleic-phase acid, HAw is the aqueous phase acid. Water soluble 
anionic surfactant (A-) can be produced from oleic-phase acid (HAo) by the 
following hydrolysis and extraction equation:  
  
HAo + NaOH  NaA + H2O     (8) 
  
Or can be produced from the aqueous-phase acid (HAw) by aqueous 
hydrolysis:   
HAw  H+ + A- ,                  (9) 
  
The existence of alkali in the aqueous phase will lead to the reduction of the 
H+ and will result in forward dissociation of HAw. The generated A- ion will 
adsorb at oil-water interfaces and lower the interfacial tension.   
  
 
 
 
 
 
 
 
 
 
 
 
ЗАКЛЮЧЕНИЕ 
 
 
 В данной дипломной работе рассмотрены вопросы применения методов 
увеличения нефтеотдачи на примере двух месторождений «Т» области, а именно 
на «В» и «К» месторождениях. 
 Большинство месторождений «Т» области находится на поздней стадии 
разработки и характеризуются сложным строением и значительной долей 
остаточных запасов. Для существенного увеличения добычи на месторождениях 
необходимо внедрять современные методов увеличения нефтеотдачи пластов. 
 Существует огромный спектр различных технологий МУН. Поиск 
эффективных методов для конкретных месторождений является очень сложной 
задачей, которая требует систематического подхода для её решения. Проблема в 
том, что в настоящее время методика выбора МУН является слабо изученной. 
Необходимо выбрать именно тот метод увеличения нефтеотдачи, который 
наиболее существенно повысит извлекаемые запасы и уровень добычи нефти 
при благоприятных экономических показателях для конкретного нефтяного 
месторождения (залежи) с определенными геологофизическими свойствами и 
условиями разработки. 
  В «Т» области в основном применяются физико-химические МУН. 
Анализ результатов опытно-промышленных испытаний показал, что данные 
методы воздействия являются технологически эффективными. Эффективность 
этих методов воздействия достигается путем подгона технологий под условия 
месторождения так, как базовые технологии физико-химических методов 
являются не благоприятными для геологофизических условий месторождений 
«Т» области. 
 Так же среди третичных МУН перспективными являются газовые 
технологии: закачка СO2, ВГВ, ШФЛУ, а также термогазовое воздействие 
(благодаря значительной глубине и лучшей растворимости газа в нефти). 
